Controlling magnetism and spin structures in strongly correlated systems by using electric field is of fundamental importance but challenging. Here, a high-spin ruthenate phase is achieved via a solid ionic chemical junction at SrRuO3/SrTiO3 interface with distinct formation energies and diffusion barriers of oxygen vacancies, analogue to electronic band alignment in semiconductor heterojunction.
The ferromagnetic Curie temperature (TC) was measured as a function of thickness by temperature-dependent magnetization and resistivity (M-T and R-T) [21, 37] . As shown in the Fig. 2 (a) and (b), TC ~153 K is observed for the 5 uc SRO thin film, while another TC ~125 K appears with the thickness increasing from 10 uc to 50 uc, the decreased TC is ascribed to the fully strained monoclinic structure as studied previously [36, 38] . The thickness-dependent magnetic hysteresis loops along the pseudo [001] axis were measured by superconducting quantum interference device (SQUID) (Fig. 2 (c) ).
Upon increasing the thickness from 5 uc to 10 uc, a step-like hysteresis with two coercive fields appears, which are more obvious in the 30 uc and 50 uc thin films. For the 5 uc SRO, the out-of-plane saturated moment (Ms) is ~2.18 μB/formula unit (f. u.), which is higher than the one of low-spin state of SRO (~1.1 -2.0 μB/f. u. in experiments and theories, 2.0 μB/f. u. from full Hund's rule) [39] [40] [41] [42] . As the thickness increases, the Ms decreases to ~2.06, ~1.75 and ~1.28 μB/f. u. for 10, 30, and 50 uc SRO, respectively, indicating that the SRO at the interface contributes to the enhancement of Ms as shown in insets of Fig. 2 (c) and (d). The magnetic domain switching, corresponding to the hysteresis, has been characterized by using low-temperature magnetic force microscopy (MFM) at 10 K. For the 5 uc SRO, a mono-domain switching occurs ( Fig. S2 ). However, for the SRO thin film with a thickness above 10 uc, there is a distinctive switching with two coercive fields at low/high magnetic field ( Fig. S3 ), which further indicates that the step-like magnetic hysteresis could be attributed to a separation of magnetic phases:
interfacial-SRO (high TC/moment) and top-SRO (low TC/moment). The hysteresis behavior as a function of top-SRO thickness is simulated in Fig. S4 , which is consistent to our experimental observations in Fig. 2 (c). The details of measurements for magnetic/electrical characterizations are given in supplementary methods and Fig. S5 .
In these fully-strained SRO thin films without lattice relaxation, slight alternation of chemical structure at the interface may play a key role on the enhanced magnetization [43] . As seen from bright-field STEM in Fig. 3 indicating that Ru 3+ appears at the interfacial-SRO [44] . At all conditions, there are no change for the binding energies of Sr 3d from the top-SRO to interfacial-SRO and then STO (see Fig. S6 ). Therefore, the appearance of Ru 3+ at the interfacial-SRO is induced by the Vo based on the above analysis of STEM and XPS results [44] . The details of measurements for chemical characterizations are given in supplementary methods. are the energies of supercells with and without a Vo, respectively, and ( 2 ) is the energy of a single O2 molecule. The of bulk SRO is ~4.7 eV, which is ~2 eV lower than that of bulk STO, indicating that the Vo prefers to be on the SRO side. Near the SRO/STO interface, the of a single Vo in SRO is ~4 eV, lower than that in STO ( Fig. 3 (e) ). Therefore, we expect that Vo migrates into the interfacial-SRO phase when SRO is in contact with STO. In the Fig. S7 , we further calculated the diffusion energy barrier of Vo. In SRO, is ~1.4 eV, which is much higher than the one in STO (~0.6 eV). While for STO, such a barrier height permits Vo diffusion and in SRO it prevents Vo diffusing further into the SRO film [45] . As a result, the Vo is trapped at the interfacial-SRO phase as visualized in Fig. 3 (e), and forms a Vo diode, in a similar way as electron diffusion in a conventional electrical diode.
The microscopic origin of this Vo-dominant interfacial-SRO phase with enhanced
For understanding the role of Vo in the enhanced Ms at the interfacial-SRO phase, we construct a SRO (5 uc)/STO (4 uc) heterostructure, where one oxygen atom is removed between the 2 nd and 3 rd RuO2 layers to model the Vo (see Fig. 4 (a) and (b)).
There is a substantial spin and orbital reconstruction of the Ru d-electrons near the Vo. Fig. 4 (c) and (d), being compatible with our experimental results ( Fig. 2 (d) ). Thus, the interfacial-SRO phase with high spin can be defined as 
